Introduction: For the last decade the Nuclear Magnetic Resonance (NMR) therapy has turned out a success in pain treatment of patients who suffer from osteoarthritis (OA) of knees or hands, low back pain and osteoporosis, respectively. While clinical outcome could be proved, less is known about the underlying mechanism by which NMRT modulates cellular processes leading to observed pain reduction. This study implements the analysis of potential signal transduction pathways involved in NMRT signal transfer in Cal-78 chondrosarcoma cells and NMRT influencing cell growth and viability of interleukin IL-1β stimulated Cal-78 cells and C28/I2 chondrocytes. Changes in expression of inflammatory proteins like metalloproteinases MMP1, MMP3, MMP8, MMP9, MMP10 and MMP13, as well as interleukins IL6 and IL8 were evaluated.
Introduction
Osteoarthritis (OA) is the main chronic joint disease with symptoms characterized by the destruction of articular cartilage in the joints, especially knee, hip and hand [1, 2] . The treatment of pain and disability as the main clinical symptoms of OA includes a number of different medical approaches such as physiotherapy, pharmacological treatment or surgical methods [3] [4] [5] . Since none of these methods is able to bring fateful course of the illness, the development of new, more effective and in particular non-invasive methods to gain pain reduction of OA patients are of exceptional interest.
Clinical observations demonstrated positive effects of nuclear magnetic resonance for the treatment of painful disorders of the musculoskeletal system [6] , which led to the development of a low field NMR therapy (NMRT). Reflecting implemented clinical studies, NMRT is considered to reveal pain relief of patients with low back pain followed by improvements of activities in daily living, while no side effects were observed [7, 8] .The double-blind, randomized and placebo controlled study of therapeutic effects of NMRT on OA of hand and finger joints resulted in a significant increase of physical ISSN: function lasting for at least six month [9] . Improvements of pain from patients with knee OA due to a chondroprotective effect on human articular cartilage were described [10] [11] [12] . Froböse et al. demonstrated that patients, afflicted with destructions of the cartilage in the knee, exhibited positive adaptations of the cartilaginous structures -MRI controlled -under NMRT [13] . They further postulated that the mechanism underlying the observed effects was based on the stimulation of intact or partly functioning chondrocytes followed by an augmented synthesis of collagens. While so far in chondrocytes no NMRT induced effects were detected in respect to apoptosis and cell viability, by trend NMR treatment led to the elevation of the cell proliferation rate quantified by cell counting [14] . Studies on primary cultures of human dermal fibroblasts exposed to NMR resulted in distinct changes both in cellular and extracellular components: (i) the extracellular matrix of NMR-exposed cells had less crosslinked collagen and (ii) increase of collagen I, III and IV of the soluble fraction by NMRT was detected [15] . Insights from studies regarding effects of NMRT on human chondrocytes propose NMRT induced changes in the modulation of signal transduction pathways involved in cartilage degeneration, possibly causing the observed pain reduction in clinical trials [16] .
Chondrocytes within the cartilage matrix are in general responsible for the balanced turnover of the extracellular matrix and are controlled by extracellular signaling. They exhibit altered cellular reaction patterns during the process of OA. Besides cell death, a change in cell proliferation or a compensatory increase in synthetic activity, OA chondrocytes activate or deactivate gene expression or undergo phenotypic modulation [17] . In addition they do not positively response to mechanical stimulation by integrin induced stimulation of the MAPK/ERK pathway [18, 19] . Furthermore, components of the TGF-β/Smad-or MAPK-pathway are representing potent mediators of the cartilage matrix synthesis [20] [21] [22] , with a possible interaction between MAPK subtypes and TGF-β/Smads signaling pathway during chondrogenesis [23] . MAP kinase subtypes (MAPK/ERK, p38 kinase, c-Jun N-terminal kinase) are constitutively expressed in articular chondrocytes assigned to regulate differentiation, apoptosis, inflammatory responses, and activation of matrix metalloproteinases (MMP) [24] [25] [26] . The latter functions as interstitial collagenases and, in cooperation, degrade components of the extracellular matrix playing an essential role under pathological conditions, e.g. joint inflammation and degenerative joint diseases [27] [28] [29] . Opposing the regulatory effects of growth factors by balancing anabolic as well as catabolic processes, the well-studied pro-inflammatory cytokine interleukin IL-1β stimulates the production of degrading enzymes and suppresses protein synthesis by influencing cellular MAPK pathways [30] [31] [32] . Under experimental conditions stimulation of chondrocytes by IL-1β shifts cellular expression pattern to a more inflammatory status by inducing the expression and activation of MMP's, as well as IL6 and IL8, respectively [33] [34] [35] .
The present study addresses the still unresolved question whether cellular mechanisms in chondrocytes might be modulated by low field NMRT leading to an improvement in cartilage destruction accompanied by pain reduction. Apart from cell proliferation studies, analysis of an osteogenesis gene array and reporter-gene studies helped to investigate signal transforming factors and effectors involved in TGF-β as well as MAPK induced pathways in chondrosarcoma cells (Cal-78). A possible influence of NMRT on proinflammatory cytokines such as IL-6 and IL-8 as well as MMP-1,-3,-8,-9,-10 and 13 of chondrosarcoma cells (Cal-78) and chondrocytes (C28/I2) was examined.
Methods

Cell culture
The human chondrosarcoma cell line Cal-78 was purchased from the Leibniz Institute DSMZ-German Collection of Microorganisms and Cell Culture and the human chondrocytes HCH, a primary cell line was purchased from Promocell (Germany). Cell culture was performed following the instructors manual. C28/I2, an immortalized human chondrocyte cell line (kindly provided by Prof. M. B. Goldring, Harvard Institute of Medicine, Boston, MA) was cultured in Dulbeco's modified eagle's medium (DMEM) supplemented with 10% FCS at 37°C under 5% CO 2 . For studies comprising the isolation of RNA as well as the collection of cell supernatants, the amount of seeded cells, if not separately indicated, in case of Cal-78 cells was 10.000 cells/cm 2 , while C28/I2 cells were seeded at a density of 5000 cells/cm 2 . Three to four days after cell seeding, IL-1β (10 ng/ml, SigmaAldrich, USA) was added. The 10 h therapeutically NMR treatment at room temperature generally started 2 hours after addition of IL-1β for 2 hours per day, 5 days running. Cells only incubated at room temperature for the same period of time functioned as control. In case of the gene array study, cells were treated for 20 hours within 5 days or others as individually indicated.
Nuclear Magnetic Resonance (NMR) therapy
NMR treatment was applied by a special magnetic nuclear resonance therapy device adapted for cell cultures (MedTec Company, Wetzlar, Germany) inducing a controlled nuclear resonance of protons. Cells were stimulated for different periods of time dependent on the methodical requirement.
Cell proliferation, cell density assays
Cell density -Calcein Measurements: Cells were seeded on a 24 well plate with a density of 1000 cells/cm 2 . For the measurement of cell density, cells were incubated for 30 min at 37°C in PBS containing 2 µM calceinacetomethylester (Calcein AM; Sigma-Aldrich, USA). The fluorescence at 530 nm emission wavelength was detected using a plate reader with an excitation wavelength of 485 nm. For analysis, the fluorescence was normalized to the fluorescence of control cells at day 0 before the first NMR treatment.
Cell proliferation -BrdU-assay: BrdU Flow Kit (BD Biosciences, USA) was used for long term tracking of cell proliferation characteristics of C28/I2 cells after being stimulated for 10 h by NMRT. After each splitting procedure, cells were seeded at a density of 5000 cells/cm 2 . Incorporation of BrdU into newly synthesized DNA by cells entering and progressing through the S (synthesis of DNA) phase of the cell cycle was performed according to the instructor's manual. Final measurements were accomplished at five different time points using a flow cytometer (FACSCalibur, BD Bioscience, USA); data analysis and data acquisition was performed using Cellquest.pro software (BD Bioscience, USA).
Cell proliferation -Dye eFlour-670: Cells were labeled with eFlour 670 (eBioscience, USA) at a concentration of 5 µM, according ISSN: 2334 ISSN: -2846 to the manufacturer`s instructions. First measurement started the day after the cells were seeded in 25 cm 2 culture flasks, while second and third measured points were set at day four after 5 hours and at day six after 10 h of NMRT treatment, respectively. FACS data were collected on FACSCalibur and data analysis and data acquisition was performed using Cellquest.pro software (BD Bioscience, USA).
Dead cell measurement -Propidium iodide staining: After trypsinisation and washing in PBS, 2 x 105 to106 cells were suspended in 190 µl binding buffer (10 mM Hepes / NaOH 7.4, 140 mM NaCl, 2.5 mM CaCl2 filtered through 0.2 µm pore filter). 10 µl of Propidium iodide solution (PI, 20 µg/ml, Sigma-Aldrich, USA) was added and cells were analyzed with the flow cytometer.
Transfection -Luciferase assay
The reporter gene assay (Cignal™ Reporter Assay, Immune Signaling 10-pathway Reporter Luciferase, SAbioscience, Qiagen, USA) was used for measuring changes in activity (both increases and decreases) of specific signaling pathways. The activity of ten transcription factors was studied. Following the company's instruction for transfection of cells, 1 µl of each reporter DNA was mixed with SureFECT (SAbioscience, Qiagen; USA) in Opti-MEM and after complex formation was portioned out onto a 96 well plate. By adding 100 µl of Cal78 cell suspension at a density of 3x10 5 cells/ml, the transfection process was left to proceed for 16 hours. Subsequently, the medium was changed and after additional 24 h cells underwent the NMRT treatment for 1 h or were kept just at room temperature for the corresponding time. Luciferase was activated by application of the Dual-Luciferase ® Reporter Assay System (Promega, USA) and luminescence was measured by a Victor X3 plate reader (Perkin Elmer).
RNA isolation
Total RNA extraction of both types of cell lines was performed by the use of the RNeasy system (QIAGEN). In case of qPCR experiments, RNAs were DNase-I treated following the instructor's manual (QIAGEN). Quantification as well as quality control of the isolated RNA was accomplished by measuring the optical density at A 260 and controlling the A 260 /A 280 ratio by a nanophotometer (Implen). RNA quality was further assayed by denaturing agarose gel electrophoresis.
Gene-Array analyses
The Pathway-Specific Microarray Gene Expression Profiling System for human osteogenesis (OHS -026, SAbioscience, QUIAGEN) was used to test for relevant genes. An RNA-pool consisting of RNA from three different experiments of Cal78 cells treated with NMR for 20 hours was converted to labeled cRNA (True Labeling-AMP™ 2.0, GA-030, SABioscience, QUIAGEN). The hybridization and detection procedure was conducted as described by the company. Signals obtained by a cooled CCD camera were analyzed with the GEArray Expression Analysis Suite software from SABioscience. Relative quantification of gene expression was achieved with the RealMasterMix SYBR ROX (5'PRIME, Eppendorf, USA, Germany) on a mastercycler (Eppendorf Mastercycler realplex). Reactions were performed in duplicates with glyceraldehyde-3-phosphate dehydrogenase (GAPDH) and aldolase as internal control.
RT-qPCR
A standard temperature profile with an initial activation step at 95°C (3 min), followed by a 3-step PCR program comprising a 95°C (15 s) denaturation, 60°C (30 s) annealing and 70°C (20 s) elongation for 40 cycles. A melting curve was obtained after each qPCR run. As a control no-RT and no-DNA reactions and gel electrophoresis were performed. mRNA expression was quantified by the ΔΔCt method.
Fluorokine ® MAP Human MMP Kit
Cells were plated with appropriate cell density in six well plates. NMRT was performed for 10 h within five days in the presence as well as absence of IL-1β. For control cells in parallel were incubated at RT; supernatants were collected in all cases. Duplicate supernatants were pooled and diluted 2.5 fold in the prescribed dilution buffer. For both cell lines cell culture supernatants were measured for MMP-1, -3, -9 and -13 according to the Fluorokine ® MAP Human MMP Kits manufacturer's instruction (R&D Systems Europe, England)
Enzyme Immuno Assay
Ready-to-use Sandwich ELISAs (Human IL-6 Platinum ELISA, eBioscience; Human IL-8 Platinum ELISA, eBioscience, USA) were used for the quantitative detection of human interleukin-6 respectively interleukin-8. Supernatants were diluted as required from 1:5 to 1:100 fold and proceeded according to the instructor's manual. All measurements were performed in duplicates at 450 nm with an Anthos 2010 microplate reader (Anthos Mikrosysteme GmbH, Germany).
Statistical analysis
Data from qPCR are presented as the mean (± standard error) of at least four single experiments, whereby RT-qPCR as well as ELISA experiments were performed in duplicates. Statistical significance was determined by the Student t-test and by the Wilcoxon-Mann-
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Whitney-Test; p-values < 0,05 were considered to be significant (***p < 0,001; **p < 0,01; *p < 0,05), all p-values are two-sided. Data analysis was performed with the SigmaPlot 11.0 software (Systat software inc., USA).
Results
Cell growth -cell viability
Based on previous findings that nuclear magnetic resonance (NMR) therapy may influence cell growth as well as may regenerate cartilage [13, 14] , Cal-78 and C28/I2 cells were treated with NMRT over different periods of time measuring cell proliferation. Cal-78 cells treated with NMRT for nine hours apportioned over a period of seven days did not show a significant difference in cell growth neither in the absence nor in the presence of IL-1β ( Figure 1A ). IL-1β itself in both cases dramatically reduced cell growth. Interestingly, under control conditions, differences in cell proliferation between IL-1β treated and non-treated cells occurred after three days. For NMRT differences induced were only detected at day seven ( Figure 1A) . Interestingly, we also tested NMRT on cell growth of human dermal adult fibroblasts (HDFa), synovial sarcoma cells (SW982) In respect to a long-term effect by NMRT on cell proliferation the percentage of C28/I2 cells during the S-phase was observed over a period of fourteen days ( Figure 1C ). Therefore cells were stimulated with NMRT for seven hours within four days prior the first measurement, followed by three additional hours of NMRT treatment and two splits. The percent S-phase was measured at four additional time points, revealing no difference in curve's shape compared to control ( Figure 1C ).
Gene-Array Analysis
The analysis of the osteogenesis gene array demonstrated the expression of 50 out of 114 tested genes in Cal-78 chondrosarcoma cells. The sample for the gene array hybridization was synthesized from a pool of RNA isolated from three experiments with cells treated for 20 h with NMRT within 5 days. Traceable genes could be subdivided into genes that were only present under control (n=11) or under treated conditions (n=9, Figure 2A) . In case of genes expressed under non-stimulated and stimulated conditions (threshold value was set to 0.01) we focused on NMRT induced differences in their expression levels. While the bone morphogenetic protein (BMP1), a regulator of the TGF-β pathway induction was lowered under the influence of NMRT, BMP2 was unchanged. Smad3 and 4, key modulators of the TGF-β signaling pathway were contrarily regulated; (C) The influence of NMRT on cell division characteristics (% S-phase) of C28/I2 chondrocytes monitored over a longer period of time (n=3). Cells were split twice during the measuring period and NMRT treatment was performed before day 0 (7 h) and at day 4 (3 h), as indicated by arrows. The number of the passage and the number of days after splitting the cells are assigned.
Level of significance is given by p values from the Student's t-test (A) and the Mann-Whitney Rank Sum Test (B), respectively ( *: p<0,05; **: p<0,01).
the increase in Smad3 opposed the down regulation of Smad4. In addition, the integrins ITGB1 and ITGA3 were also conversely regulated by NMRT, similar to the expression of the insulin-like-and epidermal-growth factors (IGF1, EGF), the fibroblast growth factor (FGF) or their receptors (EGFR, FGFR3) ( Figure 2B ). Interestingly,
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collagens I, XII and XV were down regulated by NMRT, collagen IX was up regulated and collagen II seemed unchanged ( Figure 2B) . The transcription factor NFκB1 demonstrated lowered RNA levels under NMRT treatment. The gene array was also tested for NMR induced changes in expression of human chondrocytes (HCH cells). Only weak signals to no signals at all due to low quality output of RNA could be detected. A comparison to the genes revealing potential interest within the Cal78 cells was implemented ( Figure 2B ). This observation resulted in identical changes at the RNA level for the colony stimulating factor (CSF2), Col12, VEGF-B, NFκB1 and MMP13, respectively. Testing the luciferase activity of Cal-78 cells transfected with different reporter gene constructs and stimulation of the cells by NMR for one hour revealed a slight augmentation of the TGF-β pathway, whereas NFκB-luc transfected cells revealed a strong increase in luciferase activity ( Figure 2C ). Furthermore, under these conditions luciferase activity was heavily augmented when controlled by MAPK/ERK and MAPK/JNK. Additionally tested reporter gene constructs only revealed minimal changes in expression under NMRT stimulation.
Influence of IL-1β on C28/I2 and Cal-78 cells
Based on the findings of the NMRT as an effective therapy for OA patients, investigations focused on mediators of inflammation. Basically, quantitative PCR was used to characterize changes in the expression pattern of MMP-1, -3, -10, -13 as well as TIMP3, IL6 and IL8, respectively due to the IL-1β administration on Cal-78 and C28/I2 (Table 1) . Both cell lines reacted differently in respect to the treatment with IL-1β, particularly regarding the expression of MMP-1, -10 and -13. The mean ratio value of non-stimulated vs. IL-1β stimulated Cal-78 cells revealed a 21 to 44 fold change in expression of MMP-1 (44.1 ± 14.9), MMP-3 (28.6 ± 12.8) and MMP-10 (21.3 ± 8.0). In terms of C28/I2 cells the induction of gene expression was considerably lower compared to Cal-78 cells. For MMP-1, the observed minor effect of IL-1β stimulation on C28/I2 cells could be ascribed to a high basal expression, whereas in general MMP-3 and MMP-10 were not efficiently induced ( Table 1 ). The expression of the two inflammatory cytokines IL6 and IL8 was similarly affected by IL-1β even though the gap in expression of IL8 was less pronounced. TIMP3 expression in both cell lines did not change significantly from a rather high basal expression level (Table 1) . Hence, analysis of cell supernatants from both cell lines (± IL-1β) confirmed these observations (Figure 3a, 3b) . (A) Protein concentrations were determined with the luminex assay for MMP-1, -3 and -13, and for IL6 and IL8 with an ELISA (B). Student's t-test was used to test for the significance of differences between IL-1β unstimulated and IL-1β stimulated cells (*: p<0,05; **: p<0,01; ***: p<0,001).
Effect of NMR treatment on C28/I2 and Cal-78 cells ± IL-1β
Number of experiments (n) for IL6 and IL8 are given in parenthesis, n=5 for all MMP measurements.
Both cell lines were exposed with and without IL-1β (IL-1β (+)/IL-1β (-)) to NMRT for 10 hours within a period of five days. Expression levels of MMP-1, -3, -10, -13, TIMP3, IL6, and IL8, respectively, were analyzed by quantitative RT-PCR. Only minimal expression could be detected for MMP-8 and MMP-9 in both cell lines. Differences were observed in C28/I2(IL-1β (±)) cells for MMP-13 as well as in Cal-78(IL-1β(-)) for MMP-3 and in Cal-78(IL-1β(+)) for MMP-10. The IL6 expression was not influenced by NMRT, the ratio values of IL8
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Protein concentrations of MMPs, IL6 and IL8 were determined by testing cell supernatants. Via the luminex assay system we quantified MMP-1, -3 and -13 as well as MMP-8 and -9, both of which were not expressed in detectable amounts in either cell line (Figure 3a) . NMRT had no influence on the expression of MMP-1, -3 and -13 whereas IL-1β markedly elevated the concentration of MMP-3 and MMP-13 in both cell lines and MMP-1 in Cal-78 cells only. C28/I2(IL-1β (±)) and Cal-78 (IL-1β (-) ) demonstrated a tendency to reduced MMP-1 and C28/I2(IL-1β (-)) to reduced MMP-3 production under NMRT at the protein level. Both inflammatory cytokines IL6 and IL8 were measured with standard ELISA techniques to test for NMRT induced differences in protein expression. No differences could be detected even though IL-1β significantly induced protein expression of both interleukins (Figure 3b ).
Discussion
Clinically, pain as well as loss of joint function in OA is the major issue leading to a significantly reduced quality of life for patients suffering from this affection [36, 37] . Based on its high frequency, OA represents one of the most expensive disease, both in terms of direct and indirect costs. Treatment options are rather limited and predominantly evolved to treat only symptoms without influence on the causal disease mechanism. Pharmacological treatments are associated with gastrointestinal, renal and cardiovascular risks. The development of new therapies improving general condition of OA patients in terms of quality of life on one hand and reducing the huge socio-economic burden on the other hand is of particular importance [38] . NMRT with low field strength is successfully used to treat patients with OA and is discussed to function by combating basic causes [12, 39] . Less is known about the effects and the mechanism of action of NMRT at the cellular level, constituting the basis of this study in which we tried to clarify how NMRT could modulate chondrocytes (Cal-78 and C28/I2) and with and without activated inflammatory mechanisms.
In general, cytokines produced by inflammatory cells play a pivotal role in inflammation, joint destruction and influence function, proliferation and morphology of chondrocytes [40, 41] . IL-1 plays an important role in inflammatory processes of OA [34] . Our investigations demonstrated an extensive reduction in cell growth of Cal-78 cells in the presence of the pro-inflammatory cytokine IL-1β, first ascertained at day three of the treatment. While slight changes in cell growth of human chondrocytes induced by NMRT were postulated [14] , studies on human dermal fibroblasts coincide with our results that no significant differences in growth were detected between control and NMRT treated Cal-78 and C28/I2 cells, respectively. The described improvement of cartilage structure in knee-OA patients after NMRT might therefore primarily be explained by increased metabolic activity of chondrocytes than direct augmentation in cell growth [13] . This would also explain the observation that NMRT, when applied on cells under control (IL-1β(-)) versus inflammatory (IL-1β(+)) conditions, diminishes the difference in cell growth between these two groups. Significant differences in proliferation between IL-1β(-) and IL-1β(+) groups not treated with NMRT occurred at days three while under NMRT a significant difference of this parameter was only measurable at day seven of the experimental procedure. Accordingly, IL-1β supplemented to Cal 78 cells under control conditions increased the number of cells of the late stage of apoptosis and dead cells, in contrast to NMRT treated cells, with significant changes, ditto an indication of NMRT inducing an influence on metabolic activity of chondrocytes.
The results from the gene arrays point to an influence of NMRT on the structure, function and properties of cartilage via changes in the expression of FACIT (Fibril Associated Collagens with Interrupted Triple helices) collagen IXα2 and XIIα1 [42] , whereas collagens I, III and IV, demonstrated to be influenced in human dermal fibroblasts under NMRT [15] , were unaffected. Among the proteoglycans decorin and biglycan, the latter demonstrated an enormous increase in expression by NMRT [43] . Biglycan has signaling properties towards matrix assembly, cellular migration and adhesion [44] . The finding that biglycan is a short term activator of EGFR and thus of MAPK shows yet again that NMRT might also play a critical role in the regulation of homeostasis of chondrocytes and the pericellular matrix [45] . Apart from the up-regulation of EGF by NMRT, via changes in expression of ligands and components of TGF-β pathway, BMP1, BMP2 and Smad3, Smad4, and IGF2, NMRT might interfere with chondrocyte's modulation by inflammatory processes [46, 47] . The integrins ITGB1 and ITGA3 were conversely regulated by NMRT [48] . Stimulation of integrins modulates the differentiation, matrix remodeling, responses to mechanical stimulation, cell survival of chondrocytes and regulates gene expression via the MAPK pathway [49, 50] .
With reporter gene assays we were able to demonstrate that NMRT for 1 h activated MAPK/ERK and MAPK/JNK in Cal-78 cells. If NMRT modulates extracellular signaling by changes in the expression of ligands and/or receptors, then these changes might affect the MAPK signal cascades [51, 52] . While NFKB, transcription factor and important regulator in cellular responses [53] , was down regulated in gene arrays, the luciferase expression under control of NFKB was increased after NMRT. This contradiction might be ascribed to the different time of NMR treatment used in these two experimental applications.
MMP's and the interleukins heavily involved in the manifestation of osteoarthritis might represent additional targets that react to NMRT. MMPs under physiological conditions participate in diverse processes, including wound healing, bone resorption and fetal development, while pathologically they are associated with arthritis, autoimmune diseases, fibrosis, heart failure and cancer [54] . In our experiments at the RNA level slight changes could be observed for MMP-3 and MMP-10 in Cal-78 cells and for MMP-13 in C28/I2 cells. While MMP-3 activates MMP-1 and cleaves a broad range of matrix proteins, both are the most ubiquitously expressed MMPs, whereas MMP-13 within the connective tissue has a more restricted pattern of expression and is usually produced only by cartilage and bone during development and by chondrocytes in OA [55, 56] . Inhibitors of MMP-13 exert chondroprotective effects and potentially modulate joint pain [57, 58] . The reduction in MMP-13 levels in C28/I2 cells by NMRT, even though rather small, might among others play a role for the observed improvements in pain and functionality of OA patients who underwent NMR therapy [7, 9, 41] . While IL6 expression did not change, the reduced expression of IL8 in C28/I2(IL-1b(-)) cells might indicate a slight down regulation of the major mediator in inflammatory responses. The reason for Cal-78 cells not showing up significant changes in MMP-13/IL8 levels could be its high basal expression of MMP-13 in combination with known deficits in modulation of tumor cells in general [59] . As demonstrated by the presented data, an enormous difference in expression of MMPs and interleukins between chondrosarcoma cells and chondrocytes exists (Table 1) . While analysis at the RNA levels of different genes indicated a slight influence on gene expression we were not able to corroborate these findings on the protein level.
Conclusion
Our study revealed different signaling pathways as potential targets for the low frequency NMRT. Results of cell proliferation assays and qRT-PCR indicate that the effects of the mediator for inflammation IL-1β are less significant under NMRT than under control conditions. These findings and the observed reduction in MMP-13 expression by NMRT substantiate the postulated anti-inflammatory effect of NMRT responsible for pain relief. In addition the clarification of how NMRT is processed by targeted cells will broaden the perspective for the clinical adaptation of NMRT by a more precise and efficient application of this alternative therapeutically action.
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